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Highlights in 2015 

• G4 (Severe) Geomagnetic Storm March 17 
– G4 events rare, included impacts to 

• WAAS 
• Power Grid 
• HF Communications 

• Occasional smaller storms occurred; the Sun is 
setting up for more repeatable geomagnetic 
storms this point of the cycle. 

• Cycle 24 continues to weaken. 



March 17 Geomagnetic Storm 

• Spawned by 2 
CMEs on March 
15 

• Reached G4 – 
much higher than 
the predicted G1 

• Lingered thru 
March 20 
 



GPS Error Footprint Increase 



SBAS (WAAS) Infrastructure  

©Copyright 2011 



2015 St. Patrick’s Day Storm 
Impact on WAAS 

Credit: Mia Stålnacke 
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GPS: Consequences of a 55˚  
Inclination 

 From high 
latitudes, all 
satellites 
relatively low on 
the horizon 

 Must look through 
“thick” 
ionosphere 
 
 



GPS Signals in the lower  
(neutral) atmosphere 

GPS Satellite  in 
Orbit 

GPS Receiver             
on Ground 

GPS Signals in the 
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Space weather 
Phone Apps 

   

Modeling 
     

Ground-based  
Instrument 

Development 
Data 

Assimilation 
Data  

Services 

  

 

Global Ionosphere 

(IDA4D) 

 
     

  Physics-Based 
Modeling 
(TIMEGCM) 

     

High-latitude 
Electrodynamics 

(AMIE) 
 

Space Based 
Data   

Ground Based 
Data 

HF TID Mapper 

Space 
Systems 

GPS-based Space 
Weather Monitor 

CubeSat Instruments 
 
 
 
 
 
 
 
 
 
 
 
 

Scanning 
UV Photometer 

E-field Double Probe 

GPS-based Space 
Weather Monitor 

Topside Sounder 

Wind Profiler 

CubeSat Missions 
 
 
 
 
 
 
 

SMC SENSE 

AF DIME Cubesat 

NSF DICE Cubesat 

Plug-N-Play Avionics 

Satellite 
Aerodynamics 

ASTRA: Overview 

  Thermospheric 
Neutral Density 

(ADAM) 
     

  Satellite Drag & 
Ballistic 

Coefficients 
        

Lidar Systems 
     

   

Laser Bathymetry 
     

  Forensic Space 
Weather 
Analysis 

     

  Real-Time 
Specification 

of 
Ionosphere/ 

Thermosphere 
     

  Low Power 
Ionospheric 

Sounder 
     



 
Quiet Conditions  

 
 
 
 

 
Active Conditions 

 
 
 
 

 
 
 
  
 
 
 
 
 
 
 
 
 
 
 

 
http://www.youtube.com/4spaceweather 



Power Grid – Induced Current 



HF Communications 

• Significant 
impacts 
reported, 
as far 
south as 
Oregon in 
the US 





Coronal Holes 
• Long-lived 

structures, allow fast 
solar wind to stream 
out 

• Recur on a 27-day 
period 

• Fast solar wind 
causes G1-G2 (minor 
to moderate) 
storming 



Summary 
• Severe Geomagnetic Storm March 17 
• Navigation, electric power, and 

communications performance all affected 
• Solar conditions now occurring enabling 

improved prediction of geomagnetic 
storms 

• Polar operations can benefit from tailored 
services from ASTRA 
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